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Abstract
Background: Norovirus is often transmitted from person-to-person. Transmission may also be food-borne, but only
few norovirus outbreak investigations have identified food items as likely vehicles of norovirus transmission
through an analytical epidemiological study.
During 7-9 January, 2009, 36 persons at a military base in Germany fell ill with acute gastroenteritis. Food from the
military base’s canteen was suspected as vehicle of infection, norovirus as the pathogen causing the illnesses. An
investigation was initiated to describe the outbreak’s extent, to verify the pathogen, and to identify modes of
transmission and source of infection to prevent further cases.
Methods: For descriptive analysis, ill persons were defined as members of the military base with acute onset of
diarrhoea or vomiting between 24 December 2008, and 3 February 2009, without detection of a pathogen other
than norovirus in stools. We conducted a retrospective cohort study within the headquarters company. Cases were
military base members with onset of diarrhoea or vomiting during 5-9 January. We collected information on
demographics, food items eaten at the canteen and contact to ill persons or vomit, using a self-administered
questionnaire. We compared attack rates (AR) in exposed and unexposed persons, using bivariable and
multivariable logistic regression modelling. Stool specimens of ill persons and canteen employees, canteen food
served during 5-7 January and environmental swabs were investigated by laboratory analysis.
Results: Overall, 101/815 (AR 12.4%) persons fell ill between 24 December 2008 and 3 February 2009. None were
canteen employees. Most persons (n = 49) had disease onset during 7-9 January. Ill persons were a median of 22
years old, 92.9% were male. The response for the cohort study was 178/274 (72.1%). Of 27 cases (AR 15.2%), 25 had
eaten at the canteen and 21 had consumed salad. Salad consumption on 6 January (aOR: 8.1; 95%CI: 1.5-45.4) and
7 January (aOR: 15.7; 95%CI: 2.2-74.1) were independently associated with increased risk of disease.
Norovirus was detected in 8/28 ill persons’ and 4/25 canteen employees’ stools, 6/55 environmental swabs and 0/
33 food items. Sequences were identical in environmental and stool samples (subtype II.4 2006b), except for those
of canteen employees. Control measures comprised cohort isolation of symptomatic persons, exclusion of noro-
virus-positive canteen employees from work and disinfection of the canteen’s kitchen.
Conclusions: Our investigation indicated that consumption of norovirus-contaminated salad caused the peak of
the outbreak on 7-9 January. Strict personal hygiene and proper disinfection of environmental surfaces remain
crucial to prevent norovirus transmission.
* Correspondence: wadlm@rki.de; Kathrin.Scherer@bfr.bund.de; bernardh@rki.
de
† Contributed equally
1Postgraduate Training for Applied Epidemiology (PAE), Germany
2Robert Koch Institute, Berlin, Germany
Wadl et al. BMC Infectious Diseases 2010, 10:30
http://www.biomedcentral.com/1471-2334/10/30
© 2010 Wadl et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.Background
Noroviruses are highly infectious pathogens that can cause
relatively severe disease including vomiting and diarrhoea
with acute onset. Symptoms usually resolve within 2 or 3
days. The incubation period ranges from 6-48 hours.
Infections typically peak during the colder months [1,2].
Noroviruses are shed in high concentrations in faeces or
vomit of infected persons. Their infectious dose is low [3].
The main mode of transmission is person-to-person [4],
either faecal-orally or through aerosolised vomit. Indirect
transmission via contaminated food, water, or environ-
mental surfaces may also occur [5].
Approximately 50% of all gastroenteritis outbreaks in
developed countries are caused by norovirus [1]. Glob-
ally, genotype (G) II-4 has been the predominant strain
in outbreaks [6-9]. Outbreaks are frequently noticed in
institutions such as hospitals, homes for the elderly and
on cruise ships [10-12]. Eating food in restaurants, can-
teens or at catered events has also been related to noro-
virus outbreaks [13]. However, only few norovirus
outbreak investigations which identified food items as
potential vehicles of norovirus transmission through an
analytical epidemiological study have been published
[14-19]. Furthermore, potentially low norovirus concen-
trations in incriminated food items or environmental
samples make detection difficult, due to a lack of sensi-
tive and reliable testing methods [20,21].
In Germany, norovirus has been the most frequently
reported pathogen causing an illness since 2004. In
2008, 80% of all reported outbreaks were caused by nor-
ovirus, and 59% of all reported norovirus infections
occurred in clusters [22].
On 8 January 2009, the Bundeswehr Medical Service
(German Armed Forces) reported an outbreak of acute
gastroenteritis on a military base in Leipzig to the Robert
Koch Institute. This specific military base had 815 mem-
bers, and five divisions were stationed there. A total of 36
persons had fallen ill on 7 and 8 January with vomiting
and diarrhoea. Food from the military base’s canteen was
suspected as the vehicle of infection. Norovirus was
assumed to be the infectious agent due to the reported
typical symptoms and the sudden onset of disease.
An outbreak investigation was initiated on 8 January
to describe the outbreak’s extent, verify norovirus as the
causative pathogen, identify mode of transmission and
source of infection, and to implement infection control
measures to prevent further cases.
Methods
Descriptive epidemiology
We collected information on demographics, clinical
symptoms, disease onset, and division memberships of
persons with acute gastroenteritis. All members from
t h em i l i t a r yb a s ea r eo b l i g e dt ov i s i tad o c t o ro ft h e
Medical Service if ill. For this study, all persons with
diarrhoea or vomiting between 24 December 2008 and 3
February 2009 were retrospectively and prospectively
recorded. Data was entered in EXCEL (Microsoft 2003)
and analysed using Stata (Stata Statistical Software:
Release 10, Texas, USA). We described illnesses by
onset of disease, age, sex and clinical symptoms, and
calculated division-specific attack rates (AR).
Cohort study
In order to test the hypothesis that food items served in
the canteen were the vehicles of infection we conducted
a retrospective cohort study. Through the head of the
division, we distributed a self-administered standardised
questionnaire (see Additional file 1) on 9 January to all
247 members of the headquarters company and
informed about the purpose of the study. All potential
study participants were ≥ 18 years old. Study participa-
tion was voluntary. We assumed implicit informed con-
sent when a completed questionnaire was returned. The
headquarters company was selected for the cohort study
because it was the only division entirely present at the
military base on the day of questionnaire distribution
and because it was representative of all military base
members regarding age and sex. The questionnaire
included information on symptoms, date and time of
symptom onset, and on the following possible expo-
sures: food consumption on 5-7 January and contact to
ill persons or to vomit. This time period was chosen as
most likely to explain symptom onset on 5-9 January
assuming an incubation period of 6-48 hours. Exposures
on 3-4 January were not included in the exposure ques-
tionnaire as this was the final weekend of the Christmas
holidays during which only few members were present
at the military base.
Cases were defined as acute onset of diarrhoea or
vomiting in a military base member between 5 and 9
January 2009, without detection of a pathogen other
than norovirus in stools. We used EpiData software
(EpiData Association, Odense, Denmark) for data entry
and Stata (Stata Statistical Software: Release 10, Texas,
USA) for data analysis.
For each exposure, we calculated the relative risk (RR)
of becoming a case using the chi-square test and the
attributable fraction (AF, only if RR > 1). Identified risk
factors for illness and protective factors with a P value <
0.2 in the bivariable analysis were included in a multi-
variable logistic regression model to assess independent
association with illness. In a stepwise backward proce-
dure, we excluded exposures with P > 0.1 from the
model. The exposure variable “contact to ill persons or
to vomit during the incubation period” was consistently
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son transmission.
In order to assess possible dose-response relationships
for food items independently associated with disease, we
calculated AR and performed the chi-square test for
trend.
Laboratory analyses
Human stool samples
We collected stool samples from persons with acute
gastroenteritis and from all canteen employees. Stool
samples were tested for norovirus and, if negative, for
Salmonella, Shigella, Campylobacter, Yersinia, Staphylo-
coccus aureus, Bacillus cereus, Clostridium perfringens,
enterohaemorrhagic Escherichia coli (EHEC), adeno-
and rotavirus. For norovirus detection, stool samples
were ten-fold diluted in phosphate-buffered saline (PBS,
pH 7.2) and centrifuged for 1 minute at 13,500 × g.
Viral nucleic acid was extracted from 140 μl of superna-
tant using QIAamp Viral RNA Mini Kit (Qiagen, Ger-
many) according to manufacturer’s instruction.
Environmental swabs
On 9 January, we sampled various surfaces of the mili-
tary base’s Medical Clinic facilities and cohort isolation
rooms, the mail administrating centre, the canteen’s
kitchen, as well as the living and working areas. Using
sterile swabs (VWR, Germany) moistened in PBS, 100
cm
2 of each environmental surface were wiped as
described elsewhere [23]. Viral RNA from environmen-
tal samples was extracted by direct elution of the swab
in the RNA-lysis buffer of the QIAamp Viral RNA Mini
Kit (Qiagen, Germany) and processed further according
to manufacturer’s instruction.
Food items
At German military base canteens, meal items are routi-
nely sampled and samples are kept for 48 hours.
According to the instructions, sampling is performed
between preparation and distribution of food. The speci-
fic food items served and sampled in the canteen on 6
and 7 January were tested for norovirus if the results
from the analytical study suggested an independent
association with disease. Samples from food served on 5
January had already been discarded. For testing, we used
am e t h o da d a p t e df r o map r e v i o u s l yr e p o r t e de l u t i o n -
precipitation protocol [24]. Viscous food samples such
as dressings and gravies were analysed using an ultrafil-
tration protocol [25]. Viral nucleic acid was extracted as
described above.
Molecular detection of norovirus
The extracted RNA was tested for norovirus by real-
time reverse-transcription polymerase chain reaction
(RT-PCR) [26] in an ABI PRISM 7500 cycler using the
Quantitect Probe RT-PCR Kit (Qiagen, Hilden, Ger-
many) permitting the differentiation between genogroup
(G) I and II. Positive samples were additionally amplified
by RT-PCR in the open reading frame 1 (ORF1) accord-
ing to [27], and in the junction gene region between
ORF1 and ORF2 using the One-Step RT-PCR Kit (Qia-
gen, Hilden, Germany). As only GII was detected in this
outbreak, GII specific primers used for the amplification
within the ORF1/2 junction were NV 107c (sense, 5’-
AICCIATGTTYAGITGGATG, nt position 5007 to
5026) and NV 156 (antisense, 5’ - ACCKGCATAAC-
CATTRTACAT, nt position 5387 to 5367) for the first
round, and NV107c and NV300/II (antisense, 5’-
CYAGGKGCYTGIACAAARTT, nt position 5266 to
5247, all positions according to GenBank AY485642) for
the second round PCR. The amplicons were separated
on ethidium bromide-stained 1.5% agarose gels and
visualised under UV light.
Sequence analysis
The amplicons of the ORF1 (213 bp) and the ORF1/2
junction region (215 bp) considered for sequence analy-
sis were purified using the Qiaquick DNA purification
kit (Qiagen, Hilden, Germany). Amplicons of the ORF
1/2 junction region were directly sequenced using the
amplification primers of the second round PCR. Ampli-
cons of the ORF1 region were sequenced using generic
norovirus primers MON431 and MON432 [27] or
cloned into pCR4-TOPO vector using the TOPO TA
Cloning Kit for Sequencing (Invitrogen, Karlsruhe, Ger-
many). Cloned fragments were sequenced using the
M13 Forward primer (Invitrogen, Karlsruhe, Germany)
in an ABI 3730 DNA Analyzer (Applied Biosystems,
Carlsbad, California, USA). Sequence alignment to pro-
totype sequences drawn from GenBank was performed
using CLUSTAL W and the NEIGHBOR JOINING and
DNADIST program of the Phylogeny Interference Pack-
age (PHYLIP) version 3.57c [28] or the MegAlign mod-
ule of the DNASTAR software package (Lasergene,
Madison, USA).
Results
Descriptive epidemiology
Overall, 104 of 815 military base members (AR 12.8%)
fell ill with vomiting or diarrhoea between 24 December
2008 and 3 February 2009. Three norovirus-negative
persons shed rotavirus, Campylobacter and EHEC in
their stools, see laboratory results.
In the following, we describe the 101 ill persons with-
out detection of any other pathogen than norovirus (Fig-
u r e1 ) .T h ef i r s tp e r s o nf e l li l lo n3 1D e c e m b e r ,a
second one on 3 January, and two more on 5 January.
The number of ill persons peaked during 7-9 January (n
= 49) (Figure 2). Zero to six persons (median 1) per day
fell ill between 10 January and 3 February. Hereafter,
the outbreak ceased. The ill persons’ median age was 22
years (range: 18-64). Of 99 ill persons with available
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(33.7%) ill persons suffered from both, vomiting and
diarrhoea. Vomiting only was reported by 32 (31.7%)
a n dd i a r r h o e ab y3 5( 3 4 . 7 % ) .D i v i s i o n - s p e c i f i cA Rw e r e
highest in the headquarters company (55 of 247, 22.3%)
and among staff of the Medical Clinic (8 of 44, 18.2%).
Cohort study
Overall, 178 of 247 (72.1%) persons from the headquar-
ters company completed the questionnaire. Among
those, 160 stated the date of questionnaire completion:
31.9% completed it before 12 January (within seven days
after the earliest date of food consumption we queried
in our questionnaire), 64.4% before 15 January (within
seven days after the latest date of food consumption
queried) and further 3.8% until 22 January. Information
on non-responders was not available.
Overall, 27 persons met the case definition (AR
15.2%). Two persons fell ill on 5 January, eight on 7 Jan-
uary, 11 on 8 January and six on 9 January. In cases
with available information, the median duration of
illness was two days (range: one to four, n = 21), the
median duration of sick leave was four days (range: zero
to nine, n = 16) and four of eighteen were hospitalized
(22%). Cases and non-cases did not differ with regard to
age and sex (both median 24 years, range: 18-58, and
96% male).
Overall, 25 of 133 (18.8%) persons who ate any meal
at the military base’s canteen and two of 45 (4.4%) per-
sons who did not eat there during 5-7 January met the
case definition (RR: 4.3; 95% CI: 1.1-17.4; P < 0.05). In
bivariable analyses, persons consuming any lunch during
5-7 January at the canteen had an increased risk of dis-
ease compared to those who did not. Eating breakfast or
eating dinner at the canteen, contact to ill persons or
vomit during the incubation period or staying at the
military base overnight were not associated with disease
(Table 1).
Hence, we performed a day-specific analysis restricted
to persons who ate lunch at the military base’s canteen
on any particular day during 5-7 January to identify
food items consumption of which was associated with
Military base
(N = 815)
Civilians
(N = 167)
Soldiers
(N = 648)
Division 1  
(N = 247)
Canteen
workers
(N = 25)
Others
civilians
(N = 142) 
Ill persons
(Total: 101, AR 12%)
Division 2  
(N = 141)
Division 3  
(N = 115)
Division 4  
(N = 101)
Division 5  
(N = 44)
0 (0%) 0 (0%) 55 (22%) 17 (12%) 8 (7%) 13 (13%) 8 (18%)
Norovirus
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stool samples
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2. Cohort study
Definition  cases : 
all persons from division 1 with symptoms of diarrhoea or vomiting between 5 and 9 Jan 2009 
1. Descriptive Study
Definition  ill persons : 
all persons from the military base with symptoms of diarrhoea or vomiting between 24 Dec 2008 and 3 Feb 2009
Division 1 
(N = 247)  
178 (72%)  
27 (15%) Number of cases
Response
3/7 2/7 1/2 0/6 2/3
Figure 1 Overview of persons participating in the descriptive and cohort study. Norovirus-outbreak at a military base, Germany, 2009.
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those having consumed food in the canteen 6-48 hours
before disease onset. We excluded cases without infor-
mation on the time of disease onset.
None of the 113 respondents potentially exposed dur-
ing lunch on 5 January met the case definition.
During lunch on 6 January, 106 of 178 (59.6%) respon-
dents were potentially exposed. Among those, 11 (AR
10.4%) met the case definition. Eating salad from a self-
service salad buffet was associated with higher risk of dis-
ease in bivariable and multivariable analysis (Table 2).
During lunch on 7 January, 108 of 178 (60.1%)
respondents were potentially exposed. Of those, 19 (AR
17.6%) met the case definition. In bivariable and multi-
variable analysis, consumption of salad was again asso-
ciated with increased risk of disease (Table 3).
We assessed a possible dose-response relationship
between salad consumption and disease by including
only persons in our analysis who ate lunch at the can-
teen on all days between 5 and 7 January. The risk of
disease increased with the number of days on which
salad was consumed (Table 4).
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Figure 2 Gastroenteric illnesses by onset of disease and division. Norovirus-outbreak at a military base, Germany, 2009 (N = 101).
Table 1 Bivariable analysis of risk factors*.
Exposed Non-exposed Bivariable
Exposure Total Cases AR% Total Cases AR% AF% RR 95% CI P
Eating any meal at canteen 133 25 18.8 45 2 4.4 76.4 4.3 1.1-17.4 0.02
Eating any breakfast at canteen 62 9 14.5 116 18 15.5 -6.9 0.9 0.5-2.0 0.88
Eating any lunch at canteen 125 25 20.0 53 2 3.8 81.2 5.2 1.3-21.3 0.01
Eating any dinner at canteen 49 9 18.4 129 18 14.0 24.1 1.3 0.6-2.7 0.49
Contact to ill persons or vomit 35 8 22.9 143 19 13.3 41.9 1.7 0.8-3.6 0.17
Staying at military base overnight 67 11 16.4 108 16 14.8 9.8 1.1 0.6-2.2 0.78
AR = attack rate, RR = relative risk, CI = confidence intervall, AF = attributable fraction
*Norovirus outbreak at a military base, Germany, 2009. Retrospective cohort study among members of the headquarters company with risk of infection between
5-7 January (n = 178). Exposures with P < 0.05 in bold.
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75, AR: 28.0%) had a 4.8-times higher risk (95% CI: 2.1-
11.4; P < 0.001) of being a case than persons not con-
suming salad (6 of 103, AR: 5.8%). Among persons who
had lunch in the canteen on 6 and 7 January (n = 119),
the AR among salad consumers (16 of 65, 24.6%) was
4.4-times higher (95% CI: 1.4-14.4; P < 0.01) than
among non-salad eaters (3 of 54, 5.6%).
Laboratory results
Stool samples
O v e r a l l ,8o f2 8( 2 8 . 6 % )t e s t e ds t o o ls a m p l e sf r o mi l l
persons were norovirus genogroup II-PCR-positive.
Samples were taken between 12 January and 3 Febru-
ary, a median of 4 days after onset of illness (range 1-
10 days). Only one sample per person was taken into
consideration. Sequencing of five randomly selected
specimens revealed an identical subtype (GII.4-2006b)
and identical nucleotide sequences in the polymerase
and the ORF1/2 gene region, respectively. Stool speci-
mens from one ill person, respectively, tested noro-
virus-negative but positive for rotavirus,
Campylobacter or EHEC.
Stool samples of 4 of 25 canteen employees (16%)
taken during 12-29 January tested norovirus-positive.
Two of the norovirus-positive persons had worked in
the canteen’s kitchen between 5 and 7 January. One of
them reported to have suffered from nausea with onset
on 5 January. She had continued working through 6 Jan-
uary. The other reported not to have had any symptoms.
She had cleaned the salad bar on 6 and 7 January. Noro-
virus sequences found in stool samples of these two per-
sons belonged both to subtype GII.4-2006b but differed
between 1.4% and 2.4% from those detected in ill per-
sons (Figure 3). Nucleotide sequences of the ORF1/2
gene region from one ill person and two canteen
employees were submitted to GenBank (accession num-
bers GU017736, GU017737, and GU017738).
The other two canteen employees shedding norovirus
did not work at the canteen in January 2009 at all.
EHEC was isolated in one other symptomatic canteen
employee. All other stool samples from canteen employ-
ees tested negative for bacterial or viral pathogens.
Environmental swabs
Norovirus was detected in 6 of 55 (10.9%) environmen-
tal samples taken on 9 January. Positive swabs stemmed
from the mail administrating centre (3 of 8 swabs posi-
tive: mail counter, mail collection box, doorknob), the
living or working areas (2 of 16: computer keyboard, toi-
let flush), and the cohort isolation rooms (1 of 12: door-
knob). Norovirus was neither found in any swabs from
the kitchen (0 of 15) nor from the canteen employees’
toilets (0 of 4). Surfaces from the salad bar and the din-
ing hall were not sampled. Since PCR products were
mostly too weak for confirmation by sequencing, only
three environmental samples (computer keyboard, mail
collection box and doorknob from the mail centre) were
sequenced. They belonged to norovirus subtype II.4-
2006b and were of identical sequence to the ill persons’
clinical samples.
Table 2 Bivariable and final model of multivariable analysis of risk factors, 6 January 2008*.
Exposed Non-exposed Bivariable Multivariable
Exposure Total Cases AR% Total Cases AR% AF/PF % RR 95% CI P aOR 95% CI P
Salad bar 50 9 18.0 56 2 3.6 80.2 5.0 1.1-22.2 0.02 8.1 1.5-45.4 0.02
Potatoes 39 1 2.6 57 10 17.5 585.2 0.2 0.0-1.1 0.02
Schnitzel 49 1 2.0 51 10 19.6 861.3 0.1 0.0-0.8 0.01 0.1 0.0-1.4 0.09
Pasta 48 8 16.7 55 3 5.5 67.3 3.1 0.9-10.9 0.07 1.8 0.3-12.0 0.58
Fish 7 2 28.6 90 9 10.0 65.0 2.9 0.8-10.1 0.14
Vegetables 26 1 3.9 68 10 14.7 282.1 0.3 0.0-1.9 0.14
Contact to ill persons or vomit 28 1 3.6 78 10 12.8 259.1 0.3 0.0-2.1 0.17 0.2 0.0-1.8 0.15
Yoghurt 17 0 0.0 78 11 14.1 NC 0.0 ∞-∞ 0.10
AR = attack rate, RR = crude relative risk, CI = confidence intervall, AF/PF = attributable/preventable fraction, aOR = adjusted odds ratio
* Norovirus outbreak at a military base, Germany, 2009. Retrospective cohort study among members of the headquarters company with risk of infection during
lunch on 6 January (n = 106). Exposures only listed if P < 0.2, and if P < 0.05 in bold.
Table 3 Bivariable and final model of multivariable analysis of risk factors, 7 January 2008*.
Exposed Non-exposed Bivariable Multivariable
Exposure Total Cases AR% Total Cases AR% AF% RR 95% CI P aOR 95% CI P
Salad bar 48 14 29.2 57 2 3.5 88.0 8.3 2.0-34.8 0.00 11.6 2.5-54.5 0.00
Contact to ill persons or vomit 26 4 15.4 79 12 15.2 1.2 1.0 0.4-2.9 0.98 1.3 0.7-0.3 0.71
AR = attack rate, RR = crude relative risk, CI = confidence interval, AF = attributable fraction, aOR = adjusted odds ratio
* Norovirus outbreak at a military base, Germany, 2009. Retrospective cohort study among members of the headquarters company with risk of infection during
lunch on 7 January (n = 108). Exposures only listed if P < 0.2, and if P < 0.05 in bold.
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None of the 33 tested food items was norovirus PCR-
positive. Investigated food items included salads and
salad dressings.
Infection control measures
On 8 January, the heads of all five military divisions
w e r eb r i e f e do nt h eo u t b r e a ka n do np r e v e n t i v em e a -
sures. Ill persons were either cohort isolated in assigned
rooms or went on sick leave for one week. Hand disin-
fectants were distributed to ill persons. Healthy persons
were sent home for two days (8 and 9 January) to inter-
rupt the outbreak. Specific soldiers were designated and
instructed for cleaning and disinfection of areas con-
taminated with vomit and faeces.
The canteens’ kitchen was routinely cleaned on 8 and
9 January. On 9 January, the military unit responsible
for hygiene inspected the kitchen. Cleaning and disinfec-
tion was performed on 10 January using virucidal
agents. Canteen employees with positive stool samples
were excluded from work until tested negative for the
respective infectious agent.
Discussion
We investigated an outbreak of acute gastroenteritis that
affected 12% of the members of a military base and that
Table 4 Dose-response-relationship between number of days of salad consumption and risk of disease*.
Salad consumption Total Cases AR% OR 95% CI P
None 44 2 4.5 reference
On any one day 14 2 14.3 3.5 0.4-28.8 0.21
On any two days 11 3 27.3 7.9 1.0-62.2 0.02
On all three days 26 11 42.3 15.4 2.4-97.5 0.00
AR = attack rate, OR = odds ratio, CI = confidence interval
*Norovirus-outbreak at a military base, Germany, 2009. Retrospective cohort study among members of the headquarters company eating every lunch at the
military base’s canteen between 5-7 January (n = 95).
0.01
II.4 Lordsdale
II.4 2004
II.4 2006a
II.4 2006b
CE2
CE1
P1
P2
P3
P4
P5
62
83
83
94
Figure 3 Neighbour-joining tree of 215 bp amplificates of the ORF1/2 junction of norovirus.P 1t oP 5a r es e q u e n c e sf r o ms t o o l
specimens of patients and CE1 and CE2 from canteen employees. Prototype sequences in bold and italics are from GenBank: II.4 Lordsdale,
X86557; II.4 2004 DenHaag54, EF126962; II.4 2006a Terneuzen70, EF126964; II.4 2006b Nijmegen115, EF126966. Bootstrap values > 60% are
indicated. The scale represents nucleotide substitutions per site.
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break lasted for 5 weeks. Half of the illnesses occurred
within 3 days between 7 and 9 January, strongly indicat-
ing a point source of infection. Results of the cohort
study suggested food-borne transmission for most of
these cases. Eating any meal, having any lunch, and con-
suming salad from a self-service buffet at the military
base’s canteen were all highly associated with disease.
Frequency of salad consumption correlated positively
with risk of disease. Of the 27 cases identified in the
cohort study, 25 had eaten lunch and 21 had eaten salad
at the canteen supporting the hypothesis that infections
were acquired during canteen visits. Person-to-person
transmission was tested for but not identified as risk
factor for becoming a case. However, for the time period
before and after 5-9 January, both person-to-person and
environmental-to-person transmission is plausible. Nor-
ovirus outbreaks with initial food-borne transmission
further propagated by person-to-person or environmen-
tal-to-person transmission have been reported [1,29].
Our findings of a causal role for salad in this outbreak
are consistent with other studies in which salad had
been involved in norovirus transmission [1,17,19,30].
The salad which was mainly eaten raw might have been
contaminated during cultivation, harvest, or by food
handlers during preparation [21]. Alternatively, persons
shedding norovirus could have contaminated food items
or surfaces while serving themselves at the salad bar
[1,13]. Possible cross-contamination at salad buffets with
self-service might be prevented by offering already pre-
pared and portioned salads in bowls.
All analysed food samples including salad were tested
norovirus PCR-negative. Reasons for the norovirus PCR-
negative food samples could be the presence of sub-
stances inhibiting molecular detection such as phenolics
and polysaccharides, low virus concentration, or a het-
erogeneous distribution of viruses in the food. Other
studies confirm that norovirus detection in food items
remains challenging [31,32].
Norovirus genome sequence analysis suggests that all ill
persons belonged to the same outbreak. However, the spe-
cific source of contamination for the salad, the likely vehi-
cle of infection, remains unclear. While norovirus genome
sequences from ill persons and environmental swabs were
identical, those from canteen employees differed slightly.
Therefore it its unlikely that canteen employees con-
taminated the salad. Since norovirus infections peak every
winter, occurrence of norovirus-infected persons in the
military base due to virus circulation in the general popu-
lation is plausible. However, persons shedding several dif-
ferent norovirus strains at the same time have been
reported [33]. Hence, the two norovirus-positive canteen
employees might have been shedding the outbreak
norovirus-strain without detection when samples were
taken one to four weeks after the start of the outbreak.
Norovirus-contaminated environmental surfaces might
have played a role in transmission. Their implication in
virus transmission has been documented in other stu-
dies [34-38]. In our investigation, surface contamination
was not restricted to the immediate environment of ill
persons which highlights the difficulties in identifying
and properly disinfecting all possible norovirus-contami-
nated environmental surfaces during outbreaks. We
were able to detect norovirus on various surfaces includ-
ing a mail delivery box and a computer keyboard indi-
cating widespread environmental contamination. This is
not surprising since many individuals experienced symp-
toms of norovirus infection while in the military base.
Noroviruses are able to persist in an infective state on
environmental surfaces for several days after initial con-
tamination [39], e.g. on computers and telephones [40].
However, since the members of the five divisions
worked at different buildings and assumingly not every-
one went e.g. to the mail administrating centre, the can-
teen is the more likely location of norovirus
transmission for the majority of cases.
The date of sampling might explain why environmen-
tal swabs from the canteens’ kitchen were norovirus
PCR-negative. Samples were drawn on 9 January. If the
contamination occurred on 6 or 7 January, norovirus
could have been already removed on 9 January due to
the daily regular cleaning.
Cases might have remembered information on food
consumption better than non-cases. Since we provided
the list of served food items in the questionnaire and
most participants completed the questionnaire within
ten days after possible exposure, we assume the impact
of recall bias as minor. Possibly, the low proportion of
norovirus PCR-positive cases was partly due to the ordi-
nance of sick leave of one week for ill persons in con-
trast to special leave of two days for healthy persons.
This might have tempted some soldiers to pretend
being ill resulting in an overestimation of case numbers.
However, this potential non-differential misclassification
would probably have led to an underestimation of the
true association between salad consumption and risk of
disease. Another reason for the low proportion of noro-
v i r u sP C R - p o s i t i v ec a s e sc o u l db et h a tp e o p l ed i dn o t
shed virus anymore at the time of sampling.
Generally, military bases provide good conditions for
epidemiological investigations: the source population is
distinct, soldiers are instructed to visit the same doctor
for medical advice, food samples are collected routinely
from each meal and are kept for 48 hours, and the mili-
tary is well equipped for timely investigations, which is
especially helpful in food-borne disease outbreaks.
Wadl et al. BMC Infectious Diseases 2010, 10:30
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isolation and sick leave for ill persons, special leave for
healthy military base members, distribution of hand dis-
infectants, cleaning and disinfection of the Medical
Clinic and the canteens’ kitchen as well as identification
and exclusion of norovirus PCR-positive canteen
employees from work may have successfully averted
further cases.
In addition to recommendations generally applicable to
outbreaks of acute gastroenteritis such as timely and sus-
tained implementation of preventive measures, we derive
the following recommendations from the experience in
this outbreak. Surfaces that are touched by many people,
such as doorknobs or computer equipment, should be
cleaned and disinfected daily or more often than usual to
avert environmental-to-person transmission.
Protective measures should be communicated in oral
and written forms. Posters displayed clearly visible in
buildings with many passers-by should prompt military
base members and visitors to wash their hands with
water and soap and use disinfectants after toilet visits
and before food consumption. Adequate hand disinfec-
t a n t ss h o u l db ep l a c e dn e x tt os i n k sf o rb o t hh e a l t h y
and ill persons.
As we found asymptomatic norovirus-shedding can-
teen employees, the implications of hand washing and
disinfection before handling food or touching surfaces
used for food preparation, especially after going to the
toilet, should be communicated more frequently to staff
members. If canteen employees fall ill, they must stop
working immediately. Resumption of work should be
earliest two days after remission of symptoms.
Sequence analysis of predominant norovirus genotypes
like GII.4 should be performed in order to identify
chains of infection. Further research on methods for
norovirus detection in food is needed.
Conclusions
Our investigation indicated that consumption of noro-
virus-contaminated salad caused the peak of the out-
break on 7-9 January. Strict personal hygiene and
proper disinfection of environmental surfaces remain
crucial to prevent norovirus transmission.
The timely initiated analytical epidemiological investi-
gation proved valuable to identify the likely vehicle of
infection and to guide targeted intervention measures.
Additional file 1: Questionnaire distributed to members of the
headquarters company, norovirus-outbreak at a military base,
Germany, 2009. The questions focus on potential risk factors for
norovirus-outbreaks like food items eaten at the canteen and contact to
ill persons or vomit.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-2334-10-
30-S1.DOC]
Acknowledgements
The authors would like to thank the study participants and the sergeant
major from the military base for their cooperation. Furthermore, we highly
appreciate the support and intellectual input from Doris Radun for helpful
comments on the manuscript. We thank Manuel Dehnert and Matthias an
der Heiden for support with statistical analyses, and Susanne Behnke, Philipp
Richter and Andreas Bergholz for their assistance with data entry. Kathrin
Scherer was supported by a grant from a contract-research-project for the
Bundeswehr Medical Service.
Author details
1Postgraduate Training for Applied Epidemiology (PAE), Germany.
2Robert
Koch Institute, Berlin, Germany.
3University of Veterinary Medicine Hannover,
Germany.
4European Programme for Intervention Epidemiology Training
(EPIET), European Centre for Disease Prevention and Control, Stockholm,
Sweden.
5Federal Institute for Risk Assessment, Berlin, Germany.
6Central
Institute of the Bundeswehr Medical Service, Berlin, Kiel, Germany.
7Bundeswehr School of Dog Handling, Ulmen, Germany.
8Major Medical
Clinic with Specialty Services, Leipzig, Germany.
Authors’ contributions
MW participated in the design of the study, drafted questionnaires,
performed data entry, epidemiological analysis and interpretation of the
data, participated in coordinating the study and wrote the manuscript draft.
KSc carried out the virological analysis, interpreted the laboratory results and
wrote the manuscript draft. SN participated in the design of the study,
drafted questionnaires, took part in the analysis of the data and contributed
to the manuscript. SD participated in molecular analysis of human stool
samples. LE has made contributions to conception and design and
organizing the acquisition of data. CF was involved in study planning, data
analysis and contributed to manuscript writing.
RG carried out microbiological and virological analysis and contributed to
the manuscript. MH performed sequencing and phylogenetic analysis of
norovirus from human stool samples. RJ was involved in study coordination,
analysis and interpretation of the study, and contributed to the manuscript.
GK was involved in analysis and interpretation of the study regarding
laboratory aspects. JK participated in the design of the study, assisted the
outbreak investigation and revised the manuscript critically. JS participated
in coordinating the study and revised the manuscript critically. UT
participated in coordinating the study in the field and contributed to
manuscript writing. KSt was involved in study conception, design, and
coordination of the study, data analysis and contributed to manuscript
writing. HB was involved in study conception, design, and coordination, data
entry, data analysis, data interpretation, and manuscript writing. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 12 October 2009
Accepted: 17 February 2010 Published: 17 February 2010
References
1. Patel MM, Hall AJ, Vinje J, Parashar UD: Noroviruses: a comprehensive
review. J Clin Virol 2009, 44(1):1-8.
2. Koch J, Schneider T, Stark K, Schreier E: [Norovirus infections in Germany].
Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz 2006,
49(3):296-309.
3. Teunis PF, Moe CL, Liu P, Miller SE, Lindesmith L, Baric RS, Le Pendu J,
Calderon RL: Norwalk virus: how infectious is it?. Journal of medical
virology 2008, 80(8):1468-1476.
4. Kaplan JE, Schonberger LB, Varano G, Jackman N, Bied J, Gary GW: An
outbreak of acute nonbacterial gastroenteritis in a nursing home.
Demonstration of person-to-person transmission by temporal clustering
of cases. American journal of epidemiology 1982, 116(6):940-948.
5. Gallimore CI, Pipkin C, Shrimpton H, Green AD, Pickford Y, McCartney C,
Sutherland G, Brown DW, Gray JJ: Detection of multiple enteric virus
strains within a foodborne outbreak of gastroenteritis: an indication of
the source of contamination. Epidemiology and infection 2005,
133(1):41-47.
Wadl et al. BMC Infectious Diseases 2010, 10:30
http://www.biomedcentral.com/1471-2334/10/30
Page 9 of 106. Green KY, Belliot G, Taylor JL, Valdesuso J, Lew JF, Kapikian AZ, Lin FY: A
predominant role for Norwalk-like viruses as agents of epidemic
gastroenteritis in Maryland nursing homes for the elderly. The Journal of
infectious diseases 2002, 185(2):133-146.
7. Hale A, Mattick K, Lewis D, Estes M, Jiang X, Green J, Eglin R, Brown D:
Distinct epidemiological patterns of Norwalk-like virus infection. Journal
of medical virology 2000, 62(1):99-103.
8. Schreier E, Doring F, Kunkel U: Molecular epidemiology of outbreaks of
gastroenteritis associated with small round structured viruses in
Germany in 1997/98. Archives of virology 2000, 145(3):443-453.
9. Ozawa K, Oka T, Takeda N, Hansman GS: Norovirus infections in
symptomatic and asymptomatic food handlers in Japan. Journal of
clinical microbiology 2007, 45(12):3996-4005.
10. Green J, Wright PA, Gallimore CI, Mitchell O, Morgan-Capner P, Brown DW:
The role of environmental contamination with small round structured
viruses in a hospital outbreak investigated by reverse-transcriptase
polymerase chain reaction assay. The Journal of hospital infection 1998,
39(1):39-45.
11. Ho MS, Glass RI, Monroe SS, Madore HP, Stine S, Pinsky PF, Cubitt D,
Ashley C, Caul EO: Viral gastroenteritis aboard a cruise ship. Lancet 1989,
2(8669):961-965.
12. Jiang X, Turf E, Hu J, Barrett E, Dai XM, Monroe S, Humphrey C,
Pickering LK, Matson DO: Outbreaks of gastroenteritis in elderly nursing
homes and retirement facilities associated with human caliciviruses.
Journal of medical virology 1996, 50(4):335-341.
13. Parashar U, Quiroz ES, Mounts AW, Monroe SS, Fankhauser RL, Ando T,
Noel JS, Bulens SN, Beard SR, Li JF, et al: “Norwalk-like viruses”. Public
health consequences and outbreak management. MMWR Recomm Rep
2001, 50(RR-9):1-17.
14. Daniels NA, Bergmire-Sweat DA, Schwab KJ, Hendricks KA, Reddy S,
Rowe SM, Fankhauser RL, Monroe SS, Atmar RL, Glass RI, et al: A foodborne
outbreak of gastroenteritis associated with Norwalk-like viruses: first
molecular traceback to deli sandwiches contaminated during
preparation. The Journal of infectious diseases 2000, 181(4):1467-1470.
15. Le Guyader FS, Mittelholzer C, Haugarreau L, Hedlund KO, Alsterlund R,
Pommepuy M, Svensson L: Detection of noroviruses in raspberries
associated with a gastroenteritis outbreak. International journal of food
microbiology 2004, 97(2):179-186.
16. Baert L, Uyttendaele M, Stals A, Vanc E, Dierick K, Debevere J,
Botteldoorn N: Reported foodborne outbreaks due to noroviruses in
Belgium: the link between food and patient investigations in an
international context. Epidemiology and infection 2009, 137(3):316-325.
17. Schmid D, Stuger HP, Lederer I, Pichler AM, Kainz-Arnfelser G, Schreier E,
Allerberger F: A foodborne norovirus outbreak due to manually prepared
salad, Austria 2006. Infection 2007, 35(4):232-239.
18. Falkenhorst G, Krusell L, Lisby M, Madsen SB, Bottiger B, Molbak K:
Imported frozen raspberries cause a series of norovirus outbreaks in
Denmark, 2005. Euro Surveill 2005, 10(9):E050922, 050922.
19. Grotto I, Huerta M, Balicer RD, Halperin T, Cohen D, Orr N, Gdalevich M: An
outbreak of norovirus gastroenteritis on an Israeli military base. Infection
2004, 32(6):339-343.
20. Svensson L: Diagnosis of foodborne viral infections in patients.
International journal of food microbiology 2000, 59(1-2):117-126.
21. Koopmans M, Duizer E: Foodborne viruses: an emerging problem.
International journal of food microbiology 2004, 90(1):23-41.
22. Robert-Koch-Institute: Allgemeine Aspekte meldepflichtiger Krankheiten:
Ausbrüche. Infektionsepidemiologisches Jahrbuch meldepflichtiger Krankheiten
für 2008 Berlin: Robert Koch-InstituteTim Eckmanns , 1 2009, 39-44.
23. Scherer K, Mäde D, Ellerbroek L, Schulenburg J, Johne R, Klein G:
Application of a swab sampling method for the detection of norovirus
and rotavirus to artificially contaminated food and environmental
surfaces. Food and Environmental Virology 2009, 1:42-49.
24. Dubois E, Hennechart C, Merle G, Burger C, Hmila N, Ruelle S, Perelle S,
Ferre V: Detection and quantification by real-time RT-PCR of hepatitis A
virus from inoculated tap waters, salad vegetables, and soft fruits:
characterization of the method performances. International journal of food
microbiology 2007, 117(2):141-149.
25. Mäde D, Kahle S, Trübner K: Detection of norovirus in food and
environmental samples by RT-PCR. Application in routine diagnostics.
Archiv für Lebensmittelhygiene 2005, 56:1-24.
26. Hohne M, Schreier E: Detection and characterization of norovirus
outbreaks in Germany: application of a one-tube RT-PCR using a
fluorogenic real-time detection system. Journal of medical virology 2004,
72(2):312-319.
27. Beuret C, Kohler D, Baumgartner A, Luthi TM: Norwalk-like virus sequences
in mineral waters: one-year monitoring of three brands. Applied and
environmental microbiology 2002, 68(4):1925-1931.
28. Felsenstein J: PHYLIP - Phylogeny Interference Package (Version 3.2).
Cladistics 1989, , 5: 164-166.
29. Becker KM, Moe CL, Southwick KL, MacCormack JN: Transmission of
Norwalk virus during football game. The New England journal of medicine
2000, 343(17):1223-1227.
30. Widdowson MA, Sulka A, Bulens SN, Beard RS, Chaves SS, Hammond R,
Salehi ED, Swanson E, Totaro J, Woron R, et al: Norovirus and foodborne
disease, United States, 1991-2000. Emerging infectious diseases 2005,
11(1):95-102.
31. Rutjes SA, Lodder-Verschoor F, Poel van der WH, van Duijnhoven YT, de
Roda Husman AM: Detection of noroviruses in foods: a study on virus
extraction procedures in foods implicated in outbreaks of human
gastroenteritis. Journal of food protection 2006, 69(8):1949-1956.
32. Shinkawa N, Noda M, Yoshizumi S, Tokutake Y, Shiraishi T, Arita-Nishida T,
Nishio O, Oka T, Hansman GS, Takeda N, et al: Molecular epidemiology of
noroviruses detected in food handler-associated outbreaks of
gastroenteritis in Japan. Intervirology 2008, 51(6):422-426.
33. Gallimore CI, Cubitt D, du Plessis N, Gray JJ: Asymptomatic and
symptomatic excretion of noroviruses during a hospital outbreak of
gastroenteritis. Journal of clinical microbiology 2004, 42(5):2271-2274.
34. Boxman IL, Dijkman R, te Loeke NA, Hagele G, Tilburg JJ, Vennema H,
Koopmans M: Environmental swabs as a tool in norovirus outbreak
investigation, including outbreaks on cruise ships. Journal of food
protection 2009, 72(1):111-119.
35. Cheesbrough JS, Green J, Gallimore CI, Wright PA, Brown DW: Widespread
environmental contamination with Norwalk-like viruses (NLV) detected
in a prolonged hotel outbreak of gastroenteritis. Epidemiology and
infection 2000, 125(1):93-98.
36. Kuusi M, Nuorti JP, Maunula L, Minh Tran NN, Ratia M, Karlsson J, von
Bonsdorff CH: A prolonged outbreak of Norwalk-like calicivirus (NLV)
gastroenteritis in a rehabilitation centre due to environmental
contamination. Epidemiology and infection 2002, 129(1):133-138.
37. Vipond IB, Barker J, Bloomfield SF, Caul EO: Molecular epidemiology for
detecting Norwalk-like viruses in clinical cases and associated
environment contamination. The Journal of hospital infection 2002,
50(3):237-238.
38. Wu HM, Fornek M, Schwab KJ, Chapin AR, Gibson K, Schwab E, Spencer C,
Henning K: A norovirus outbreak at a long-term-care facility: the role of
environmental surface contamination. Infect Control Hosp Epidemiol 2005,
26(10):802-810.
39. Lamhoujeb S, Fliss I, Ngazoa SE, Jean J: Evaluation of the persistence of
infectious human noroviruses on food surfaces by using real-time
nucleic acid sequence-based amplification. Applied and environmental
microbiology 2008, 74(11):3349-3355.
40. Clay S, Maherchandani S, Malik YS, Goyal SM: Survival on uncommon
fomites of feline calicivirus, a surrogate of noroviruses. American journal
of infection control 2006, 34(1):41-43.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-2334/10/30/prepub
doi:10.1186/1471-2334-10-30
Cite this article as: Wadl et al.: Food-borne norovirus-outbreak at a
military base, Germany, 2009. BMC Infectious Diseases 2010 10:30.
Wadl et al. BMC Infectious Diseases 2010, 10:30
http://www.biomedcentral.com/1471-2334/10/30
Page 10 of 10